Abstract: Objective Cerebral autoregulation (CA) is the mechanism by which constant cerebral blood flow is maintained despite changes in cerebral perfusion pressure. CA can be evaluated by dynamic monitoring of cerebral blood flow velocity (CBFV) with transcranial Doppler sonography (TCD). The present study aimed to explore CA in chronic anxiety. Methods Subjects with Hamilton anxiety scale scores ≥14 were enrolled and the dynamic changes of CBFV in response to an orthostatic challenge were investigated using TCD. Results In both the anxious and the healthy subjects, the mean CBFV was significantly lower in the upright position than when supine. However, the CBFV changes from supine to upright differed between the anxious and the healthy groups. Anxious subjects showed more pronounced decreases in CBFV with abrupt standing. Conclusion Our results indicate that cerebrovascular modulation is compromised in chronic anxiety; anxious subjects have some insufficiency in maintaining cerebral perfusion after postural change. Given the fact that anxiety and impaired CA are associated with cardiovascular disease, early ascertainment of compromised cerebrovascular modulation using TCD might suggest interventional therapies in the anxious population, and improve the primary prevention of cardiovascular disease.
Introduction
Cerebral autoregulation (CA) is the mechanism by which constant cerebral blood flow is maintained despite changes in cerebral perfusion pressure. Cardiovascular dysautonomia is common in patients with anxiety [1, 2] .
Yeragani et al. found significantly decreased vagal and increased sympathetic activity, decreased arterial compliance and possible atherosclerotic changes, and increased blood pressure in patients with anxiety [3] . Shortterm cardiovascular responses to the postural change from sitting to standing involve complex interactions between the autonomic nervous system, which regulates blood pressure, and CA, which maintains cerebral perfusion.
Transcranial Doppler sonography (TCD) is an efficient
tool to assess the blood flow velocity within the cerebral [4] . Dynamic monitoring of cerebral blood flow velocity (CBFV) with TCD can reveal the status of CA after an orthostatic challenge [5, 6] .
In our previous clinical practice, we observed significant decreases in CBF after active standing in 7 of 10 anxious patients [7] . Orthostatic hypotension, which refers to an insufficiency in regulating blood pressure even to a subsyndromal degree in response to an orthostatic challenge, has been reported in anxiety-like disorders [8] . In the present study, we assessed cerebrovascular modulation in chronic anxiety, as measured by the TCD CBFV curve. 
Subjects and methods

Participants
TCD protocol
The TCD (MultiDop X4, DWL, Sipplinghen, Germany) protocol basically accorded with that described previously [9] . Briefly, the mean CBFV or the Mann-Whitney U test was used to compare values between groups. All tests were two-tailed, and the level of significance was set to P <0.05. Table 1 . MBP values did not differ between the supine and upright positions in both groups (P >0.05).
Results
Demographic information
TCD findings
The typical CBFV curves of healthy controls had two high plateau sections and one intermediate lower plateau section. When a healthy subject stood abruptly, the CBFV curve descended sharply to a lower level, followed by a rapid rebound to the same level as the supine baseline curve or even higher, forming a peak, and then descended and was maintained at a lower level than the supine baseline. The lower section of the curve was 
Discussion
Our cross-sectional study revealed that the dynamic CBFV curve, an index of cardiocerebrovascular modu- This study is not the first to report cardiovascular dysautonomias in anxiety disorders. But we, for the first time, used dynamic CBFV monitoring to evaluate are not fully understood [5] , two mechanisms might be involved: (1) autonomic regulation mediated by sympathetic and parasympathetic responses, which regulates heart rate, cardiac contractility, resistance and compliance, and (2) CA responses to local changes of myogenic tone, metabolic demand and CO 2 concentration, which affect cerebrovascular resistance [5] . Cardiovascular dysautonomia may also cause blood pressure changes in response to an orthostatic challenge, hence leading to CBFV changes. We thus measured blood pressure, to adjust for its confounding property. We found that MBP did not differ between the supine and upright positions in both groups. Therefore, we ascribe the findings in the anxious population to cardiovascular dysautonomia and localized it to the brain, rather than the whole cardiovascular system. During the past decades, several paradigms have been developed to study dynamic CA by measuring CBFV with TCD in response to postural changes. CA is often severely disturbed in occlusive carotid artery disease. Impaired CA is an important risk factor for stroke or transient ischemic attack in patients with symptomatic or asymptomatic carotid artery stenosis or occlusion [10] . There appears to be a link between impaired cerebrovascular reactivity and a risk of ischemic events ipsilateral to severe asymptomatic carotid stenosis [11] . Severely reduced CA predicts the risk of ipsilateral stroke and transient ischemic attack in patients with carotid occlusion, and to a lesser extent in asymptomatic carotid stenosis [12] . CA in patients with carotid stenosis is reduced compared with controls and improves significantly after carotid endarterectomy [13] .
Symptoms of anxiety and depression are independent predictors of cardiovascular events [14] . The implications of comorbidity between anxiety and cardiovascular disease include higher morbidity, functional deficits, increased cardiovascular risk, and poor adherence to cardiac rehabilitation or exercise programs [15] . A study performed in a psychiatric hospital showed that those suffering from anxiety had a mortality rate for cardiovascular causes that was double than expected compared with non-anxious patients of the same age group, gender and time of hospitalization [16] . The presence of anxiety is an independent risk factor for cardiovascular disease, as a trigger either for acute myocardial infarction or for morbidity/mortality from cardiovascular causes [17, 18] . The underlying mechanisms of the increased risk in patients with anxiety remain largely unknown [19] . Our findings indicate that anxiety leads to impairment of CA, hence conferring an increased risk for cardiovascular disease.
Since the diagnosis of anxiety disorders is primarily dependent on symptoms, subjective bias cannot be ruled In addition, in our latest studies, we found that the CBFV curve returns to normal after anxiolytic therapy (such as Flupentixol and Melitracen) [20] . Further studies are ongoing to explore the effects of anti-anxiety medications.
However, the small sample size is a limitation of our study. Besides, the association of the altered CBFV curve with anxiety does not necessarily mean causation. Moreover, the anxious subjects in our study were recruited in the Department of Neurology. This selection bias may possibly challenge the generalizability of our findings. 
